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Abstract 26
In this paper, the effect of the initial and advanced steps of glycosylation by 27
Maillard reaction (MR) (glycation) of -lactoglobulin (-Lg) with galactose on the 28 interfacial and foaming (foamability and foam stability) properties of this protein has 29 been studied at both pH 7 and pH 5. Hardly any effect of glycation was observed at pH 30 7. However, a pH 5, due to its increased solubility, -Lg glycated at 50°C during 48 h 31 (advanced steps of MR) presented the best dynamic of adsorption which lead to an 32 increase of the surface dilatational modulus of adsorbed film. This resulted in a better 33 foaming capacity, as well as higher stability of foams of -Lg glycoconjugates with 34 respect to native and control heated protein. These results could extend the applicability 35 of -Lg as a foaming agent, particularly in acid foods. 36
Introduction 39
Foaming characteristics of food dispersions are important in determining quality 40 attributes of many foods (milk, meat, mayonnaise, spreads, ice cream, frozen desserts, 41 cakes, breads, whipped toppings, etc.). The structure of many of these products depends 42 upon the formation and stability of foam which facilitates mixing, imparts structure and 43 contributes to sensory qualities. These dispersions are thermodynamically unstable, and Since rate of increase of  is initially controlled by the protein diffusion from the 153 bulk phase to the interface, in this work, dynamic of protein adsorption was evaluated 154 considering the first stage of the protein diffusion, by determinating the apparent 155 diffusion constant (K dif ). This was calculated as the slope of the line between the origin 156 (point 0.0) and first point on the plot  vs. square root of time (θ). way analysis of variance (ANOVA) (least significant difference, LSD, test) was used 234 
Solubility 270
Since the solubility of a protein is a determining factor of its dynamic of 271 adsorption at the interface and, consequently, of its foaming capacity, we determined 272 solubility of all samples studied, previously to functionality studies. 273 Concerning glycation effect, dynamic of adsorption of -Lg glycated at 40 ºC 336 (Figure 2 (B) ) was not altered as a result of the pH reduction, being its diffusion rate to 337 the interface higher than that of control heated -Lg (Figure 2 (D) ). These results could 338 be attributed to the high solubility at pH 5 of this conjugate as compared to that of 339 control heated protein (Figure 1) . 340
The most remarkable result was obtained with -Lg glycated at 50 ºC (Figure 2 Control -Lg heated at both 40 and 50 ºC gave rise to the formation of a film with 360
higher E values than that of native -Lg (Figure 3 (A) ), probably due to its higher 361 efficiency of adsorption at the interface (higher K dif ) (Figure 2 In general, for all the studied systems, including native, control heated and 385 glycated -Lg, the phase angle () decreased with increasing adsorption time () 386 (Figure 3 (C) ) and surface pressure () (Figure 3 (D) ), indicating the formation of 387 elastic films. However, for a given time and pressure, the highest values were 388 observed with control heated -Lg, indicating the formation of a film with a fluid 389 character. This result suggests that the higher E values observed with this system could 390 be due to its molecular packing as a result of the rapid protein adsorption at the 391 interface, and not due to the increase in the interaction degree between the adsorbed 392 molecules (Rodríguez Patino et al., 1999 Patino et al., , 2003 . Likewise, according to its low 393 dilatational modulus (E) (Figure 3 (A) ), the film formed by -Lg glycated at 50 ºC 394 showed a phase angle () for a given time () (Figure 3 (C) ) and pressure () (Figure 3 (Figure 4 (B) ), E values lower than that of native -Lg and those 409 reached at pH 7, which could be related to its lower adsorption efficiency at pH 5. 410
Likewise, at pH 5, -Lg glycated at 40 ºC led to the formation of a film with E 411 values similar to those of native -Lg film at short times of adsorption. Moreover, 412 unlike at pH 7, surface dilatational modulus (E) of this film notably increased with the 413 adsorption time, suggesting the formation of high intensity interactions between the film 414 components. 415
At pH 5, the most remarkable differences with respect to pH 7 were observed with 416 -Lg:Gal [48 h, 50 ºC] conjugate, which gave rise to the film with the highest E values 417 for a given time () (Figure 4 (A) ) and pressure () (Figure 4 (B) ), suggesting, 418 respectively, the formation of a highly elastic and cohesive film, with a great interaction 419 degree between its components. These results are related to the improvement observed 420 in the solubility and, subsequently, in the dynamic of adsorption of this conjugate at pH 421 5, so that this leads to an increase of the surface dilatational modulus of adsorbed film. to that showed at pH 7. This behaviour can best be seen in Figure 6 (B), where it can be 472 observed how systems with a higher K dif also showed a higher OFC. 473 474
Foam stability 475
To evaluate the capacity to stabilize foams of -Lg glycoconjugates, the half-life 476 time ( 1/2 , s) of foams formed with all the systems assayed was determined (Figure 7) . 477
As observed in Figure 7 (A), at pH 7, stability of foam formed with native -Lg 478 was higher than that of foams with control heated and glycated protein, particularly at 479
At pH 5 (Figure 7 (B) ), the half-life time of foam with native -Lg (569 ± 26.87 s) 482 did not substantially changed with respect to that obtained at pH 7 (575 ± 0.00 s), a fact 483 that is related to the stability of surface dilatational modulus (E) of film of this protein 484 against changes in pH. Likewise, the worse interfacial characteristics (dynamic of 485 adsorption and surface dilatational properties) observed for the films formed by control 486 heated -Lg at pH 5 as compared to those of native and glycated protein resulted in a 487 lower stability of foams containing control heated protein as foaming agent. 488
On the other hand, unlike at pH 7, glycoconjugates were found to be the best 489 stabilizing agents at pH 5. Thus, the half-life time ( 1/2 , s) of foam with -Lg glycated, 490 particularly at 50 ºC, was notably (P<0.05) higher than that of foams with native and 491 control heated protein. This could be attributed to the increase observed in surface 492 dilatational modulus (E) with increasing time (Figure 4 (A) ) and pressure (Figure 4 (B) ) 493 for this system, suggesting the formation of an elastic film with a high degree of 494 interaction between its components and, hence, with a high stability against mechanisms 495 of foam destabilization such as drainage of fluid, diffusion or collapse. 496 foams containing these complexes as stabilizing agents as compared to those foams 506 with native and control heated -Lg. 507 Therefore, from the findings described in this work we can infer that conjugation 508 of -Lg with galactose via the Maillard reaction could be a good alternative to consider 509 when using this protein as a foaming agent. This reaction may extend the applicability 510 range of -Lg allowing its use as a foaming agent in acidic foods such as carbonated 511 beverages, protein-fortified beverages (fruit juices, sports drinks and varieties of these 512 beverages with long shelf-life), manufactured meats, reformed fish products, and a 513 variety of formulated foods. In this way, a future work will be the study of the stability 514 as foam agents of these potential ingredients during the processing and storage of acidic 515 foods. 516 
